ABSTRACT
INTROdUCTION
Renal cell carcinoma (RCC) is the most common primary renal malignant neoplasm in adults. It accounts for approximately 90% of renal tumors and 3.8% of all adult malignancies.1 Approximately 58,240 new cases of RCC and 13,040 deaths are expected to have occurred in the United States in 2010 (1) . With the increasing use of cross-sectional imaging modalities, incidence of serendipitously discovered RCC has risen dramatically (2) . Of the incidentally discovered tumors, a prominent proportion were considered small (< 4 cm) (2) .
Although radical nephrectomy remains the standard treatment for both localized and advanced RCC in patients with a normal contralateral kidney, surgical techniques have evolved over the years. Currently, nephron sparing surgery (NSS) has been proposed in the treatment of patients with localized small tumor (3) . Therefore, detailed preoperative information regarding tumor location, size, organ confinement, presence and extent of tumor thrombus in vena cava, lymph node involvement and visceral metastasis are important for planning of surgical approach and providing accurate prognostic information for patient.
Staging of RCC is the most important factor affecting the prognosis and survival of patients. Currently, the most applied staging system for RCC is TNM classification including the most prominent histopathological features, such as tumor size, tumor extension and tumor thrombus. In preoperative staging of the RCC, imaging modalities are expected to adequately evaluate these parameters. Although a variety of examinations (ultrasound [US] , magnetic resonance imaging [MRI] , angiography) can be used in the workup of patients with suspected RCC, the preferred method of imaging these patients is dedicated renal computed tomography (CT) (4) . Since the introduction of multidetector computed tomography (MDCT) in late 1990s, it has won popularity in preoperative imaging of RCC for its high spatial resolution, high speed of acquisition and imaging reformatting in any plans which can provide excellent anatomical details (5, 6) .
The aim of the present study was to evaluate the accuracy of MDCT in preoperative staging of RCC, by taking the postoperative histopathological staging as the reference method.
MATERIALS ANd METHOdS
We retrospectively reviewed the clinical and pathological records of patients with RCC who underwent radical nephrectomy or NSS between January 2008 and June 2010. All patients who had triphasic enhanced MDCT scan done at our institution within two weeks prior to surgery were included. Patient with cystic lesion, preoperative arterial embolization, positive surgical margins or known hereditary disease such as Von Hippel-Lindau and tuberous sclerosis were excluded. Papillary RCC was defined as a tumor with largest diameter larger than 5 mm and those of less than 5 mm considered papillary adenoma were excluded. In patients with multiple unilateral tumors, the largest tumor was included.
When tumors were found in bilateral kidneys, both were taken into consideration. Both radiographic and histopathologic staging used 2009 updated TNM classification.
MDCT imaging
All MDCT scans were performed using a 64-slice MDCT scanner (Philips Brilliance, Germany) with a 0.5 second gantry rotation speed, a tube voltage of 120 KV, and a tube current of 250 mAs. In all patients, four phases image were obtained: an unenhanced scan from the thorax to the kidney to identify possible lung metastasis, renal calcification and intratumoural fat; a arterial phase from diaphragm to lower pole to evaluate the renal cortex, renal arteries, and tumor vascularization; a parenchymal phase from diaphragm to lower pole to detect small lesions and assess renal venous drainage; and a excretory delayed phase from lower pole to bladder to evaluate the relationship between the tumor and collecting system.
When performing unenhanced CT scan, a collimation of 5 mm, thickness of 5 mm, a table speed of 5 mm per revolution, and an image reconstruction interval of 5 mm were used. Contrast enhanced scanning was performed using collimation of 5 mm, thickness of 2 mm, reconstruction interval of 1 mm, and a table speed of 5 mm. For each study, 120-200 mL (2 mL/kg) of iodinated contrast agent (Iopromide, Ultravist 320 mgl/mL, Bayer Schering Pharma AG, Guangzhou, China) was injected intravenously at 3 mL/sec through an antecubital vein. Arterial-phase and parenchymal venous phase images were obtained after a 30-second delay and a 60-second delay, respectively. The excretory phase was acquired 5 minutes after the beginning of the injection.
Image evaluation
CT scan examinations were re-reviewed in a purposeful manner, by a single experienced radiologist who was unaware of the histopathological results. Tumor staging included the following parameters: tumor location; tumor diameter (the largest of craniocaudal, anterioposterior, and transverse planes was defined as the radiological size), invasion of perinephric fat (determined by the presence of small hyperdense strands and nodules surrounding the lesion); involvement of the adrenal gland or satellite lesions within the Gerota's fascia; presence and extent of tumor thrombus, lymph node involvement and visceral metastasis. Renal hilar, paraaortic, and paracaval lymph nodes with short-axis diameter > 1 cm were considered to be positive.
Surgical Results
All histopathological specimens were reviewed by urological pathologists and histological subtype was classified following the 2004 WHO classification of RCCs. All tumors were graded according to the 1982 Fuhrman grading system. Pathological size was defined as the maximal transaxial diameter on specimen.
Statistical Analysis
All radiographic findings were compared with operative and pathological findings. Tumor size was analyzed as a continuously variable and analyzed by either the two-tailed Student t test or one-way analysis of variance, when appropriate. Agreement between the two staging systems was determined using the kappa statistic (0.00-0.20, poor; 0.20-0.40, fair; 0.40-0.60, moderate; 0.60-0.80, good; and 0.80-1.00, excellent). Statistical analysis was performed using SPSS software package version 16.0 (Statistical Package for Social ScienceTM, Chicago, IL, USA) and p < 0.05 was considered to be statistical significant.
RESULTS

Surgical findings
312 patients with histopathologically confirmed 314 RCC were included: in two men, bilateral tumors were found. The mean age of all included patients was 54.99 ± 1.41 years old (range, 10-83 year). Patients with both bilateral tumors and another 91 patients underwent NSS and 219 patients were submitted to unilateral radical nephrectomy. Histological characteristic was evaluated in all RCC, revealing the following results: clear cell (n = 285), papillary cell (n = 12), chromophobe (n = 10), unclassified (n = 3), multiple cystic (n = 3), XP11.2 translocation (n = 1). Fuhrman grade I (n=11), grade II (n = 154), grade III (n = 121), grade IV (n = 27). The mean pathological tumor size was 4.92 ± 2.58 cm. The mean size of T1a tumors (n = 158) was 3.14 ± 0.77 cm, of T1b tumors (n = 87) 5.47 ± 0.68cm, of T2a tumors (n = 20) 8.47 ± 0.95 cm, of T2b tumors (n = 8) 11.38 ± 1.09 cm, of T3a tumors (n = 30) 7.56 ± 3.92 cm, of T3b tumors (n = 4) 7.75 ± 2.84cm, of T3c tumors (n = 2) 7.75 ± 1.06 cm, of T4 tumors (n = 5) 8.20 ± 3.09 cm. There were 31 tumors with perinephric fat invasion (9.87%), 25 tumors with renal vein or vena cava thrombosis (7.96%), 5 tumors with adrenal involvement (1.59%). 12 tumors were detected with lymph node invasion (3.82%) (4 N1, 8 N2). Metastatic lesions were found in 7 tumors with three in lung, two in vertebrae or ribs and two in liver.
MDCT findings
The mean radiographic size of all included tumors was 5.13 ± 2.52 cm, 0.21 cm larger than the mean pathological size (P = 0.001). Primary T1 and T2 RCC are defined as tumors limited to the kidney. As pointed out by Catalano (7), presence of a well-defined pseudocapsule is an important finding to predict confined renal tumor ( Figure-1 ). In the T1a group, the increment of tumor size was 0.33 cm (P < 0.001). 124 of 314 tumors were staged as T1a (34.59%), 75 tumors as T1b (23.89%), 24 tumors as T2a (7.64%), 3 tumors as T2b (0.96%), 69 tumors as T3a (21.97%), 1 tumors as T3b (0.32%), 1 tumor as T3c (0.32%), 17 tumors as T4 (5.41%). With respect to primary T staging, 196 tumors were correctly staged by MDCT and the overall accuracy was 62.42% (Table-1). In T1a tumors, 45/158 were overstaged; in T1b tumors, 34/87 were overstaged, 10/87 were understaged; in T2a tumors, 7/20 were overstaged, 2/20 were understaged; in T2b tumors, 4/8 were overstaged, 2/8 were understaged; in T3a tumors, 4/30 were overstaged, 5/30 were understaged; in T3b tumors, 3/4 were overstaged; in T3c tumors, 1/2 were understaged; in T4 tumors, 1/5 were understaged.
Evidence of perinephric fat invasion was presented in 50 tumors on image evaluation (Table-2) ; only 10 were confirmed by specimen examination. In the patients with tumor thrombosis, MDCT was able to correctly identify and localize the presence and level of the thrombus in 21 patients. Of which, 13 were of thrombosis in renal vein ( Figure- (Table- 2) and only 3 had tumor involvement on specimen. Another two patients with ipsilateral adrenal gland invasion were not detected on imaging evaluation.
In the evaluation of lymph node involvement which included renal hilar, paraaortic, or paracaval lymph nodes, 297 tumors were staged N0, 8 tumors were staged N1 and 9 tumors were staged N2 by MDCT (Table-3 ). 295 tumors (93.95%) were correctly staged. 11 tumors (3.5%) were overstaged and 8 tumors (2.55%) were understaged. In the 11 tumors with false-positive lymph nodes involvement by MDCT, the nodes were larger than 1 cm in short-axis diameter but were characterized as reactive hyperplasia on pathology. In the 6 tumors with false negative lymph nodes, microfocuses of cancer cell metastasis were identified. Similarly, another two tumors staged N2 were understaged as N1 by CT scan because malignant cell were also found in more than one paraaortic lymph node even with a diameter less than 1 cm. With respect to evaluation of distant metastatic disease, 8 patients were suspected in arterial phase or parachymal phase and all were confirmed by pathological examination (Table-4 
MDCT Total
T1a T1b T2a T2b T3a T3b T3c T4 Histo-pathologic T1a 113 27 1 0 17 0 0 0 158 T1b 10 43 9 0 20 0 0 5 87 T2a 0 2 11 1 6 0 0 0 20 T2b 0 0 2 2 3 0 0 1 8 T3a 1 3 1 0 21 0 0 4 30 T3b 0 0 0 0 0 1 0 3 4 T3c 0 0 0 0 1 0 1 0 2 T4 0 0
Statistical findings
Agreement between MDCT and histopathologic findings was moderate for T staging (Kappa = 0.469), fair for N staging (Kappa = 0.322), excellent for M staging (Kappa = 0.932), fair for stage grouping (Kappa = 0.502). 237 of 314 patients were correctly staged by MDCT, with an overall accuracy of 75.48%. The sensitivity and specificity of MDCT in detecting perinephric fat invasion were 32.26% and 85.87%, in detecting venous thrombosis were 84% and 100%, in detecting adrenal gland invasion were 60% and 95.79%, in detecting lymph node involvement were 50% and 96.36%, in detecting distant metastasis were 100% and 99.67%. In stage grouping, 237 of 314 patients were correctly staged by MDCT, with an overall accuracy of 75.48%.
dISCUSSION
Since nephrectomy is still the only curative method in the treatment of RCCs, preoperative evaluation of RCCs is of great importance. MDCT now serves as the most preferable imaging modality in determining tumor location, tumor size, tumor extension, thrombosis, lymph node (7), however, it is not of limitation. Tumor size is known as the primary component of the 2009 updated TNM classification and an important prognostic variable for RCC. NSS or partial nephrectomy is now recommended to patients with small localized tumors (< 4 cm) (2) , and that preoperative radiographical size estimation is an essential parameter to select the appropriate treatment for RCC. Although CT measurement of the renal tumor size correlates well with the actual size of the tumor, CT scan tends to overestimate the tumor size (8, 9) . We have found an average overestimation of 0.21 cm on CT scan with significant difference (p < 0.001). In T1a group, the overestimation was even greater, of O.33 cm (p < 0.001). This may be the most reasonable explanation to the fact that 28 of 158 (17.72%) T1a tumors were overstaged as T1b and 9 of 87 (10.34%) T1b tumors overstaged as T2a. Similarly, Nazim found 10 of 14 (71.43%) T1a tumors were overstaged as T1b and 14 of 44 (31.82%) T1b tumors were overstaged as T2a (10) . Kanofsky also reported that the overestimation in tumor size was enough to upstage the tumor by TNM system in 16% of clear cell RCCs (11) . Since a large portion of patients were overstaged preoperatively, these nephron sparing approaches should be considered in patients with tumor size slightly larger than 4 cm on CT scan without any other metastatic sign.
In prior studies, it has been shown that imaging using CT had low accuracy rates for the detection of perinephric tumor extension, as stranding in the perinephric fat is non-specific and can be due to edema, vascular engorgement or previous inflammation (12, 13) . The presence of enhancing nodules in the perinephric fat is now considered the most reliable finding of perinephric invasion (12) . Comparing with the spiral CT used before, MDCT has proved to have higher spatial resolution and better anatomy detail delineation. Catalano reported that MDCT had 95% accuracy for perinephric fat infiltration with sensitivity of 96% and specificity of 93% (7) . However, even with MDCT and three dimensional technology, Hallscheidt and Türkvatan suggested the evaluation of renal tumor extension in to perinephric fat remains a difficult task (14, 15) . Türkvatan reported that 1 of 26 T1 tumors and 4 of 11 T2 tumors were overstaged as T3a. In our study, 17 of 158 T1a tumors, 20 of 80 T1b tumors, 6 of 20 T2a tumors, 3 of 8 T2b tumors were overstaged as T3a. As indicated by a recent retrospective analysis of 5339 patients, 5 years cancer specific survival was 94.9% in pT1a, 92.6% in pT1b, 85.4% in pT2a, 70% in pT2b and 64.7% in pT3a (16) , and patients with different staged tumors may require different treatments. Accurate stage of pT1a tumors is essential because infiltration to the perinephric fat is a contraindication to NSS. NSS is most appropriate for tumors located over the upper or lower pole or in a peripheral location and with a clear demarcation to the renal vasculature and collecting system. In our study, 158 patients with pT1a tumors; 83 were submitted to radical nephrectomy, indicating that 52.54% patients were overtreated, and 43.37% of them were due to overstaging. However, although perinephric invasion characterized by perinephric stranding and enhancing nodule in perinephric fat have not a good sensitivity and accuracy, it still should be reserved in imaging evaluation, because understaged tumors receiving more conservative therapy may lead to disastrous clinical outcome.
Approximately 23% of RCC invade the renal veins and 7% invade the inferior vena cava (17) . Accurate definition of the presence and level of tumor thrombus preoperatively is critical for surgical planning and patient counseling. Patients with the level of tumor thrombus located inferior to the diaphragm only require laparotomy, while the detection of supradiaphragmatic extension will require a thoracoabdominal surgical approach. Although MRI has been proved superior to other modalities in tumor thrombus detecting and predicting the tumor thrombus level (18, 19) , it is not easily available and not proper for patients with pacemaker or altered cardio-pulmonary function. In a prospective study, Hallscheidt found no difference in tumor thrombus staging of 23 patients who underwent MRI plus MDCT preoperatively (20) . More recently, Guzzo reported that accuracy rate of MDCT in predicting the superior level of tumor thrombus is 96% (21) . A low attenuation filling defect within the vein seen after injection of contrast material is the most prominent feature for venous involvement on CT scan. In our series MDCT correctly identified and localized the extent of the tumor thrombus in all patients, and the agreement between MDCT and pathological finding was excellent. However, four patients with venous wall invasion were not detected by MDCT, probably due to the local extension. Invasion of the inferior vena cava will significantly complicate surgical procedure because prosthetic reconstruction is usually required. Though negative vascular margins were achieved in all four cases, it is important to note that no imaging modality is 100% accurate and the surgeon must be prepared if more advanced disease is noted than anticipated.
Because of the low incidence of ipsilateral adrenal gland involvement (16), the current surgical trend is to spare adrenal gland during surgery. Türkvatan reported that MDCT correctly identified all six cases of adrenal involvement (15) . In our study, only 3 of 13 (18.75%) suspected adrenal involvement were confirmed by pathological findings. Because direct extension of large RCC into adrenal always compresses it into a thin tiny organ and causes local inflammation, it is difficult to distinguish it from the tumors. Our radiologist tended to be conservative and loss of tissue planes and irregular margins between the tumor and neighboring organ were all considered adrenal involvement. As indicated by Novara, patients with adrenal gland invasion had much lower 5 years cancer specific survival (17.9%) than other subgroups (16) , that conservative assessment of the adrenal gland is necessary preoperatively since an extensive resection applied in patients with abnormality suggested on CT scan may yield a better clinical outcome.
Lymph node involvement occurs in about 15% of patients in the absence of other metastasis (22, 23) . CT has in the past been insensitive to detect nodal metastasis in normal sized nodes.
A cutoff value in node size of 1 cm has been reported with a false negative rate of 10% due to reactive hyperplasia (12) . Even with spiral CT, the false positive rates up to 43% have been reported (24) . However, in a study by Catalano, using MDCT, 13 of 14 true positive cases for nodal metastasis were identified, reducing the false positive rate due to reactive hyperplasia to 6.3% (7). In our study, 33.33% of patients with lymph node involvement were correctly staged, with a false positive rate of 64.7%. The agreement between MDCT and pathological findings were fair (Kappa = 0.322), which is consistent to the findings of Türkvatan (15) . This indicated that the MDCT is not a reliable modality in nodal involvement detection, and 1 cm size as the cutoff value is not proper. Currently, regional lymph node dissection is considered of no clinical benefit to patients with clinically negative lymph nodes (25) ; however, in patients with positive lymph nodes suggested preoperatively or those with progressive disease, lymph node dissection is associated with improved survival (26, 27) .
Organ metastasis of RCC is most frequently found in the lung, bone, brain and liver (28) . Likely, the metastatic lesions tend to be hypervascular. The detection of visceral metastasis is of great importance because patients with metastatic disease still benefit from radical nephrectomy combined with systemic immunotherapy (29, 30) . In our study, all seven but one metastatic diseases were correctly detected by MDCT. Other study has proved excellent performance of this technique in metastatic lesions detection as well (15) . However, lesion from an 83-year-old male incorrectly staged by MDCT was finally proved an adenoma from the gastrointestinal system, suggesting that in high risk population, multiple tumors from different tissues may occur. Therefore, a thorough preoperative search of tumors with different imaging modalities may be necessary.
CONCLUSIONS
In conclusion, MDCT scan can delineate RCCs with high accuracy, including tumor size, the presence and level of tumor thrombus and distant metastasis. However, a great proportion of tumors were overstaged by MDCT because of overestimation of tumor size and poor visualization of infiltration of the perinephric fat. In addition, as micrometastasis can not be identified and nodes with diameter > 1 cm may be caused by reactive hyperplasia, nodal metastatic lesion evaluation remains a difficult task.
